Background: Duodenal intraepithelial lymphocytosis (DIL) is a histological finding characterized by the increase of intraepithelial CD3T-lymphocytes over the normal value without villous atrophy, mostly associated to coeliac disease (CD), Helicobacter pylori (Hp) gastritis and autoimmune diseases. Objective: To assess the occurrence of DIL, CD and Hp gastritis in an endoscopic population over a 13 year period. Methods: From 2003 to 2015 we included adult patients who consecutively underwent oesophago-gastro-duodenoscopy (OGD) with duodenal biopsies assessing the overall and annual occurrence of DIL and CD and the prevalence of Hp gastritis. Results: 160 (2.3%) patients with DIL and 275 (3.9%) with CD were detected among 7001 patients. CD occurrence was higher from 2003 to 2011, while since 2012 DIL occurrence gradually increased significantly compared to CD (p ¼ 0.03). DIL patients were more frequently female (p ¼ 0.0006) and underwent OGD more frequently for dyspepsia (p ¼ 0.002) and for indications not related to gastrointestinal symptoms than CD patients (p ¼ 0.0003). Hp gastritis occurred similarly in CD and DIL patients but the latter had higher frequency of atrophic body gastritis (p ¼ 0.005). Conclusions: DIL is a condition increasing in the general endoscopic population mainly diagnosed by chance. Concomitant gastric histological evaluation is able in one third of DIL patients to identify associated possible causes of DIL, such as Hp and atrophic gastritis.
Introduction
Duodenal intraepithelial lymphocytosis (DIL) is a histological finding characterized by the increase of intraepithelial CD3 T-lymphocytes (IEL) over the normal value of 25-30/100 epithelial cells with preserved intestinal villous structure. Clinically, this condition may be associated with symptomatic malabsorption or more subtle micronutrient deficiencies related to specific or non-specific gastrointestinal (GI) symptoms, as recently stated in a Consensus Conference. 1 DIL is commonly associated to a number of conditions involving the GI tract or due to systemic disease (non-GI diseases). 2 Among GI diseases, DIL is mostly associated to gluten-related disorders, such as coeliac disease (CD) but also, more recently, non-coeliac gluten sensitivity. [1] [2] [3] [4] Clinical studies demonstrated that DIL is related to a final diagnosis of CD in a varying percentage (9-40%) of patients. 3, 5, 6 Other non-gluten related conditions associated to DIL are Helicobacter pylori (Hp) gastritis, 7, 8 autoimmune disorders, 9 drugs (non-steroidal anti-inflammatory agents, angiotensin II receptor antagonists and proton-pump inhibitors), 10, 11 bacterial overgrowth, 4 inflammatory bowel diseases, 12 parasitic infestations, 13 food allergies, typically for cow's milk and eggs, 2 and immunodeficiency states (e.g. common variable immune deficiency). 14 Reported prevalence of DIL is very heterogeneous, ranging from 1.3% in the general population up to 14.3% in a selected population. 5, 6, 15, 16 In the last decade, the frequency of this histological entity seems to have increased, reaching 7%, as reported in an endoscopic population. 16 Hp infection is frequently associated to DIL, and its diagnosis and treatment may lead to normalization of duodenal IEL. 7, 8 Despite this strong relationship, accurate histological data on the frequency of Hp infection in patients with DIL are lacking. Most of the previous studies used a C 13 -urea breath test or nonstandardized gastric sampling biopsies to detect Hp infection. 4, 8, 10 The aim of this study was to assess the occurrence of DIL, CD and Hp-related conditions in an endoscopic population over a 13 year period.
Materials and methods

Study population
From January 2003 to December 2015 we evaluated in the Sant'Andrea Hospital pathology database for patients aged > 18 years who consecutively underwent oesophago-gastro-duodenoscopy (OGD) with duodenal biopsies. Among these patients, we considered those with a new diagnosis of DIL and CD. If some patients, during the studied period, did more than one gastroscopic procedure only the first one has been considered. We excluded from this population patients with previous intestinal resection (e.g. bariatric surgery) and/or bacterial overgrowth. The overall and annual occurrence of diagnosis of DIL and CD was assessed. Moreover in patients in whom besides duodenal biopsies also gastric biopsies were available, we assessed the presence of Hp infection and related gastric histological alterations both in DIL and CD patients ( Figure 1 ).
All patients underwent an OGD using a flexible video-gastroscope, with at least four biopsies taken from the second part of the duodenum. Patients with gastric biopsies had at least five biopsies (3 from the antrum and 2 from the body) according to the updated Sydney system. 17 We excluded 10 DIL patients and 20 CD patients with only duodenal and antral biopsies, 3 DIL patients and 7 CD patients with biopsies only from duodenum and body and 2 DIL patients and 3 CD patients with biopsies only from the duodenum.
Histological evaluation
The histological samples were evaluated by a GI-dedicated expert pathologist (EP). CD was diagnosed when duodenal biopsy samples showed intestinal villous atrophy (mild, moderate or severe) with crypt hyperplasia and intraepithelial lymphocytosis, according to the Marsh/Oberhuber classification, 18, 19 and previously described. 20 Normal villous architecture and > 30 intraepithelial lymphocytes\100 enterocytes was defined as DIL, according to Veress et al. 21 Intraepithelial lymphocytes T count was expressed as number of intraepithelial lymphocytes/100 epithelial cells and was carried out on immunohistochemical stained sections. Briefly, from a formalin-fixed, paraffin-embedded 3 mm tissue sections were stained with anti-CD3 mouse monoclonal antibody, clone F7.2.38 (Dako, Glostrup, Denmark), after antigen retrieval with EDTA at pH 9. Staining was visualized by Envision-Flex in automated stainer (Dako, Glostrup, Denmark). Figure 2 presents histological pictures in Haematoxylin & Eosin (H&E) and CD3 immunohistochemistry of DIL and in H&E of atrophic CD (Marsh 3C).
Gastric histologic evaluation was performed according to the updated Sydney System classification. 17 Gastric specimens were considered to be Hp negative if Hp was not detected with haematoxylin and eosin staining. Chronic active gastritis was defined as the presence of polymorphonuclear cells in the lamina propria in the absence of Hp organism. Chronic inactive gastritis was defined as the presence of lymphocytes and plasma cells within the lamina propria, in the absence of activity or Hp organism. 22 Reactive gastritis includes foveolar or regenerative hyperplasia, oedema or hyperaemia of the lamina propria, erosions and smooth muscle proliferation. 23 Lymphocytic gastritis was defined by the presence of at least 25 lymphocytes/100 epithelial cells on the surface and foveolar epithelium, with chronic inflammation also in the lamina propria. 24 Atrophy of the corporal mucosa was defined as the focal or complete replacement of oxyntic glands by metaplastic pyloric or intestinal glands, atrophy of the antral mucosa was defined as focal or complete replacement of antral glands by intestinal metaplastic epithelium. 25 
Statistics
Data were expressed as values and percentages or medians and interquartile ranges. Comparisons between different groups were made using the Fisher's exact test or chi-square test. A p value <0.05 was considered statistically signiEcant. Dedicated software (Medcalc Belgium 12.0) was used for these purposes.
Results
From January 2003 to December 2015, 7001 patients were identified over a 13 year period ( Figure 1 ). DIL was diagnosed in 160 patients and CD in 275 patients with an overall occurrence of 2.3% and 3.9%, respectively. Figure 3 shows the yearly occurrence of the new diagnoses of DIL and CD during the study period. The number of patients enrolled each year remained almost steady during the entire time-period, with minimal fluctuations. Compared to DIL, the yearly occurrence of CD was higher in the years from 2003 to 2011. Since 2012 the number of patients diagnosed with DIL has increased, while the occurrence of new cases of CD has decreased. We observed a statistically significant higher occurrence (p ¼ 0.001) of CD from 2003 to 2004 and from 2008 to 2011. From 2005 to 2007, the number of newly diagnosed cases of CD was higher than the number of DIL, but did not reach statistical significance (p ¼ 0.5). Starting from 2012, the number of patients newly diagnosed with DIL was higher compared to those diagnosed with CD (p ¼ 0.03). (Table 1) , a significantly higher prevalence of females was observed both in DIL (87.5%) and CD (73.2%) compared with the endoscopic population with normal duodenal histology (66.5%) (p < 0.001 and p ¼ 0.01, respectively). Moreover, female gender was more frequent in patients with DIL than in patients with CD (87.5% versus 73.2%) (p ¼ 0.0006). The endoscopic population with normal duodenal histology was significantly older of age compared to both DIL and CD patients (p ¼ 0.001). DIL patients were older of age (40.5 yrs, range 18-80) than CD patients (37 yrs, range 18-78; p ¼ 0.007). As shown in Table 1 , DIL patients underwent OGD more frequently for dyspepsia than CD patients (p ¼ 0.002). DIL patients were more frequently diagnosed by indications to gastroscopy not related to GI symptoms than CD patients (p ¼ 0.0003). As expected, signs of malabsorption, antibodies positivity or osteopenia/osteoporosis with a stronger suspicion for CD leaded more frequently to CD diagnosis (p < 0.0001).
Concerning patients' clinical features
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Discussion
This study assessed the occurrence of newly diagnosed cases of DIL and CD in an endoscopic population over a period of 13 years, showing an occurrence of 2.3% for DIL and 3.9% for CD. The respective occurrence changed over time: CD had the highest occurrence from 2003 to 2011, but from 2012 to 2015 DIL was diagnosed more frequently exceeding CD. Several studies evaluated the frequency of the DIL diagnosis leading to heterogeneous results. The frequency of newly diagnosed cases of DIL ranged from 1.34% to 14.3%. 5, 15 Such different results may arise from different inclusion criteria and time periods of the study population taken into account. However, it has been recently reported that the number of patients diagnosed with DIL is increasing. 16, 26 One of the reasons for such increase can be found in the expertise of the pathologists, who make use of the immunohistochemical stain for CD3 þ lymphocytes. Another possible reason is the spread of the conditions which may lead to DIL, such as the chronic use of drugs or autoimmune diseases. 4 But, the increase in newly diagnosed cases of DIL could be also explained by the reduction, compared to the past, in the number of IELs necessary for the diagnosis (25-30 IELs/100 enterocytes nowadays, while in the past the number of IELs to make diagnosis of DIL was 40).
In our study, we considered patients regardless of the indications for OGD. Although our unit is a tertiary academic centre, patients were not selected on the basis of indications for gastroscopy with high suspicion for CD. Furthermore, our cut-off to diagnose DIL (30 IELs/100 enterocytes) was maintained steady over the years thus avoiding the bias related to changed diagnostic criteria. Thus the findings of our study support the previously reported increase in DIL diagnosis.
Our study showed that patients with DIL and CD were mostly female and younger than patients with normal histological duodenum. The increased prevalence of female patients with DIL and CD has already been demonstrated by several studies, 4, 8, 16, 27 but there are still no data available in literature on the comparison between DIL and CD patients in terms of age and gender. In our study, we found that patients with DIL are more frequently female and older than CD patients. It has already been demonstrated in literature that female gender has a higher predisposition to autoimmune diseases, as autoimmune thyroid disease, rheumatoid arthritis or ankylosing spondylitis, 28 conditions which are more frequently associated with DIL. Some of these conditions are linked to chronic pain requiring chronic use of analgesic drugs as NSAIDs, 29 in turn related to DIL. Thus, it is possible that some factors related with DIL are more frequent in females. However, in general, the health-seeking behaviour and the attitude of seeking medical attention are more pronounced in females, 30 possibly explaining the higher female prevalence amongst DIL and CD.
In this study, we also evaluated the indications to OGD for patients with DIL and CD. Table 1 shows that the indications are different between the two groups. On the one hand, patients with DIL were more often diagnosed when they underwent OGD for nonspecific symptoms, such as dyspepsia, or for other reasons not related to GI symptoms (i.e. family history of gastric cancer or thoracic pain). On the other hand, patients with CD were more often diagnosed by performing OGD for the common signs and symptoms suggestive of CD (i.e. malabsorption, diarrhoea, abdominal pain), as also shown by a very recent study reporting that patients with typical GI symptoms are more easily diagnosed as having CD disease. 31 There are few studies on the evaluation of the indications to OGD and only two of them showed that dyspepsia is a common indication for OGD for those patients who are diagnosed with DIL. 8, 16 Moreover, a recent study showed that dyspepsia is more severe in patients with Hp infection who have also DIL. 32 The same study also showed that dyspepsia may disappear or be significantly reduced after Hp eradication. This could suggest that duodenal biopsies should be taken, together with gastric biopsies, in patients who undergo OGD for gastric symptoms in order to exclude the presence of DIL. With respect to the gastric histologic alterations related to DIL and CD, our study showed some peculiarities. First of all, the prevalence of Hp infection in patients with DIL and CD was not statistically different (26.9% versus 22%). Compared to the frequency of Hp infection in the Italian general population in an area where the infection has a medium to high prevalence, 33 this figure is not different to that shown in the two groups of patients considered in our study. It has been described that Hp infection leads to DIL in a percentage of patients ranging from 6% to 14%, however the prevalence of such infection in DIL patients is still not clear. 4, 16, 34 Only one study described a Hp prevalence of 19% in patients with DIL, a lower prevalence with respect to the local general population. 35 This lack of data is most likely related to the fact that Hp infection is usually evaluated through C 13 urea breath test or incomplete gastric biopsies (that is not taken from both gastric body and antrum, according to the updated Sydney System), 4,8,10 which do not allow to assess the real prevalence of Hp infection. In our study, we enrolled only patients who had complete gastric biopsies in order to obtain an accurate evaluation of Hp infection prevalence in DIL patients, which was 26.9%. According to these results, eradication therapy for Hp should be administered in DIL patients, in order to tempt to obtain the regression of the histological alterations, both in the stomach and in duodenum.
With respect to the gastric histologic alterations not related to Hp infection, our study showed that 17.2% of DIL patients and 13.5% of CD patients had Hp negative gastritis (both chronic active and inactive gastritis). In particular, the percentage of patients with DIL who had chronic inactive gastritis was higher than the percentage showed by the study of Lebwohl et al. 36 Such data may be related to geographical differences between the populations considered in the two studies. Moreover, so far, no study has been carried out to evaluate the possible role of this condition as a cause of DIL.
With regard to lymphocytic gastritis, there is only one study that evaluated the prevalence of such a condition in DIL. 36 Consistent with that study, in our population the prevalence was low in patients with DIL ( Table 2 ). We also observed that lymphocytic gastritis was lower among our CD patients compared to what has been observed before. [36] [37] [38] This might be explained, again, by geographical and ethnic differences between the study populations.
Our study also showed that 6.9% of DIL patients had AG (atrophic gastritis of body and fundus), compared to 1.2% of CD patients. Our study is the first one to show a higher prevalence of AG in DIL patients compared to CD patients. This different AG occurrence in DIL patients may be explained by two pathogenic mechanisms, which are responsible for the gastric atrophy and which could lead to an increase in the number of IELs: autoimmunity and Hp infection. 39 In our patients, AG seemed to arise from both the described pathogenic mechanisms ( Table 2 ) and for such reason it is likely that the prevalence of AG is higher in DIL patients rather than CD patients. Therefore, a complete and accurate gastric mapping is useful to detect AG in DIL patients.
In conclusion, our study showed that DIL is increasing in the endoscopic population and that it is more frequently found in patients who undergo OGD for dyspeptic symptoms or for others indications not related to GI symptoms. Moreover, our study showed that the concomitant gastric histological evaluation is able, in one third of DIL patients, to identify associated possible causes of DIL, such as Hp and atrophic gastritis.
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